Objective A fever is observed in approximately one-third of cases of acute aortic dissection (AAD); however, the causes remain unclear. We investigated the mechanism of a fever in AAD by measuring the serum concentrations of inflammatory markers, mediators of coagulation and fibrinolysis, and procalcitonin, a marker of bacterial infection. Methods We retrospectively studied 43 patients with medically treated AAD without apparent infection. Patients were divided into those with (Group A; n=19) and without (Group B; n=24) a maximum body temperature >38 . We established which patients fulfilled the criteria for systemic inflammatory response syndrome (SIRS), and its relationship with a fever was examined. Mediators of inflammation, coagulation and fibrinolysis were compared by a univariate analysis. Factors independently associated with a fever were established by a multivariate analysis. Results The criteria for SIRS were fulfilled in a greater proportion of patients in Group A (79%) than in Group B (42%, p=0.001). There was no difference in the procalcitonin concentration between Groups A and B (0.15 0.17 ng/mL vs. 0.11 0.12 ng/mL, respectively; p=0.572). Serum procalcitonin concentrations lay within the normal range in all patients in whom it was measured, which showed that the fever was caused by endogenous mediators. On the multivariate analysis, there was a borderline significant relationship between a fever and the prothrombin time-International Normalized Ratio (p=0.065), likely reflecting the extrinsic pathway activity initiated by tissue factor. Conclusion Our findings suggest that a fever in AAD could be caused by SIRS, provoked by endogenous mediators that influence the extrinsic coagulation pathway without elevating the serum procalcitonin concentration.
Introduction
formation (2, 4) ; however, the underlying mechanism has not yet been established. Procalcitonin (PCT) is a marker of bacterial infection and has a higher sensitivity and specificity for detecting bacterial infection than C-reactive protein (CRP) (5) . Therefore, the serum PCT concentration is often measured during a fever to confirm the presence or absence of bacterial infection.
We sought to elucidate the mechanism contributing to a fever in AAD by measuring the serum concentrations of inflammatory markers, mediators of coagulation and fibrinolysis, and PCT in patients diagnosed with AAD without apparent infection.
Materials and Methods

Study design and patients
A total of 94 consecutive patients diagnosed with AAD were admitted to the Division of Cardiovascular Intensive Care at Nippon Medical School Hospital between January 1, 2010, and November 30, 2012. Patients who underwent surgery and those with evident causes of a fever, such as acute cholecystitis or pneumonia, were excluded from the study. After exclusions, 43 patients with medically treated AAD without obvious bacterial infection were identified ( Fig. 1) and their medical records were examined. These patients were divided into two groups: patients in whom a fever was documented during their admission (maximum body temperature >38 within 1 week of admission, Group A), and those in whom a fever was not recorded (maximum body temperature ! 38 within 1 week of admission, Group B). The clinical characteristics of the two groups were compared by a univariate analysis, and factors that were significantly different between the groups were subject to a multivariate analysis to establish whether any were independently associated with a fever. As this observational study was undertaken retrospectively at a single center, comprised review of medical records and did not alter patient management, we did not seek the authorization of our institutional ethics committee.
Data collection
We recorded the patients' age, sex, Stanford classification, condition of the false lumen, aortic diameter, false lumen diameter, the ratio of the false lumen diameter to the aortic diameter, the presence of pleural effusion, maximum temperature, hospital day on which the maximum temperature was achieved and the results of bacterial cultures. We additionally recorded changes in body temperature during the first 2 weeks of admission and established which patients fulfilled the criteria for SIRS. We also explored the relationship between the day on which maximum temperature was We also assessed indicators of inflammation, such as the white blood cell count and neutrophil count, and serum concentrations of CRP and PCT. The latter were only measured if the attending physician thought that active infection might be present. At the beginning of the study period, the PCT concentration was measured in our institution semiquantitatively with point-of-care testing (Procalcitonin-Q test kit; Brahms Ag Diagnostica, Berlin, Germany) which reported four possible outcomes: <0.5 ng/mL; ! 0.5 ng/mL but <2.0 ng/mL; ! 2.0 ng/mL but <10 ng/mL, or ! 10 ng/mL. A fully quantitative electrochemiluminescence immunoassay (BRAHMS PCT Elecsys) was introduced shortly afterwards, measured using an automated Roche Elecsys and Cobas immunoassay analyzer.
We documented the coagulation and fibrinolytic status, including the concentrations of D-dimer, fibrin and fibrinogen degradation products, plasmin inhibitor complex, thrombin antithrombin complex, antithrombin-III and fibrinogen, and measured the prothrombin time (PT), the PT-International Normalized Ratio (PT-INR) and the activated partial thromboplastin time (aPTT), and performed hepaplastin and prothrombin consumption tests (PT%).
Definitions
AAD was diagnosed if an intimal flap was detected on computed tomography (CT) imaging. The patency of the false lumen was assessed by contrast-enhanced CT on admission and identified by the presence of contrast medium in at least a portion of the false lumen. Thrombosis of the false lumen was defined as complete occlusion of the false lumen by thrombus. Ulcer-like projections were regarded as part of a thrombosed false lumen. Stanford type A aortic dissection was defined as a dissection involving the ascending aorta. The presence of pleural effusion was assessed on the day of maximum body temperature. A normal serum PCT concentration was defined as <0.5 ng/mL, and a concentration ! 0.5 ng/mL was judged to indicate the presence of bacterial infection (6) . The Society of Critical Care Medicine guidelines define a fever as a body temperature ! 38.3 on more than one occasion (7); however, definitions used in previous clinical studies have been inconsistent, varying from 37.5 to 39.0 (8-10). We defined a fever as a single occurrence of a body temperature >38 , to concur with one of the diagnostic criteria for SIRS (11) . The other diagnostic criteria for SIRS were the presence of at least two of the following four criteria in the first week after admission: body temperature <36.0 , tachycardia >90 beats/minute, tachypnea >20 breaths/minute, leukocytosis >12 10 9 /L or leukopenia <4 10 9 /L.
Statistical analysis
Continuous variables are expressed as the mean ± standard deviation and were compared using Student's t-test. Categorical variables were compared using Fisher's exact test. Pearson's correlation coefficient was used to calculate the strength of the association between the hospital day on which maximum temperature was achieved and the maximum body temperature. A logistic regression model was used to determine the independent factors involved in a fever. All statistical analyses were performed using the SPSS version 21.0 software program for Windows (SPSS, Chicago, USA).
Results
Of the 43 patients identified as being eligible for the analysis, 19 were found to have a body temperature >38 during admission and were thus allocated to Group A; the remaining 24 were allocated to Group B.
There were no significant differences in the Stanford classification or the condition of the false lumen between the two groups ( Table 1) . The aortic diameter, false lumen diameter and the ratio between the false lumen diameter and the aortic diameter in Group A were broadly comparable with those in Group B (p=0.475, 0.319 and 0.102, respectively). Pleural effusion was identified in 95% of the patients in Group A and 92% in Group B (p=1.00). The time course of change in body temperature in both groups is shown in Fig. 2 . The mean hospital day on which maximum body temperature was achieved was significantly later in Group A (day 3.6 1.8) than Group B (day 2.2 1.0, p= 0.003). The hospital day on which maximum body temperature was achieved correlated significantly with the maximum body temperature (r=0.529, p<0.001). Blood, urine or sputum cultures were undertaken in eight patients in Group A; all results were negative for infection. The criteria for SIRS were fulfilled in a significantly greater proportion of patients in Group A (79%) than in Group B (42%, p=0.001).
The serum PCT concentration was measured in 14 patients (74%) in Group A and eight (33%) in Group B (Table 2). In Group A, the PCT concentration was determined semiquantitatively in five and quantitatively in nine patients (0.15 ± 0.17 ng/mL); all had values less than 0.5 ng/mL. In Group B, the PCT concentration was measured semiquantitatively in one patient and quantitatively in seven patients (0.11 ± 0.12 ng/mL); the mean PCT concentration in Group B was not significantly different from that of Group A (p= 0.572). The serum CRP concentration was significantly higher in Group A (12.0 ± 7.9 mg/dL compared with 6.0 ± As the univariate analysis showed that the PT-INR and serum CRP concentration were significantly different between the groups, we sought to identify the factors independently associated with a fever by a multivariate analysis. We found that neither the PT-INR (odds ratio 4,617, 95% confidence interval 0.59-3.61×10 8 , p=0.065) nor the serum CRP concentration (odds ratio 1.09, 95% confidence interval 0.91-1.21, p=0.12) were independent predictors of a fever, although the PT-INR had a borderline significant association.
Discussion
We found that in patients with AAD but without obvious infection, the PT-INR had a borderline significant association with a fever, but the serum PCT concentration was not elevated in any of the patients. Several studies have reported the characteristics of a fever during the clinical course of acute or chronic aortic dissection (2, 4, (12) (13) (14) (15) (16) ; however, few have focused on the underlying mechanism or provided data for hypothesis generation.
SIRS as a cause of a fever in AAD
One potential explanation for a fever in AAD is the involvement of SIRS (2, 3), a clinical syndrome of dysregulated inflammation that includes a massive and uncontrolled release of pro-inflammatory mediators (2). In our study, a significantly greater proportion of patients who developed a fever >38 during their hospital stay for AAD fulfilled the criteria for SIRS (79%) than in those whose temperature remained ! 38 (42%). These findings are consistent with the previous studies of patients with AAD. The causes of SIRS are believed to be exogenous substances derived from pathogenic microorganisms, such as bacterial endotoxin (17), and endogenous substances that contribute to inflammation, such as those released by tissue damage.
PCT is a precursor of the hormone calcitonin, which is involved in calcium homeostasis. It is produced by the thyroid, lung and intestine. In healthy individuals, the serum PCT concentration is below the limit of detection in clinical assays (1) . Generally, the PCT concentration does not rise significantly in viral infection, autoimmune disease, malignancy, or local and contained bacterial infection, but rises in severe bacterial infection. Therefore, PCT is used in clinical practice to discriminate severe bacterial infection from other infections and non-infectious inflammation. Recently, PCTguided therapy was reported to markedly reduce antibiotic use for acute respiratory tract infections in primary care, without compromising the patient outcome (18) .
In this study, we found that the PCT concentration, which mainly reflects the systemic impact of exogenous mediators, was within the normal range in all patients with AAD. This supports the hypothesis that a fever in AAD is caused by The hospital day on which maximum body temperature was achieved was also correlated with the maximum body temperature. We suspect that if AAD was responsible for the systemic inflammatory response, then the response would be more intense and the time taken to reach maximum body temperature would be longer.
Thrombus formation as a cause of a fever in AAD
Another mechanism proposed as a cause of a fever in AAD is thrombus formation (2, 4) , which may be accompanied by coagulation disorders and which has also previously been reported in AAD (19) . The coagulation system is thought to comprise three pathways: the intrinsic, extrinsic and common pathways (Fig. 3) . The intrinsic pathway is initiated by the activation of the "contact factors" in plasma; its activity can be measured by the aPTT. On the other hand, the extrinsic pathway is initiated by the release of tissue factor (TF), and its activity is reflected by the PT. During dissection of the media, contact between blood and TF result in the activation of factor VII and subsequent coagulation system activation, and this in turn ultimately activates thrombin and platelets to form a thrombus. During the activation of the extrinsic pathway, protease-activated receptor in the cell membrane of injured tissue is activated, resulting in the release of inflammatory cytokines such as tumor necrosis factor-α, and interleukins-1β and -6, which are other potential causes of a fever (20) . Indeed, the plasma concentrations of interleukin-6 causing CRP production in the liver are reportedly elevated in AAD (21) .
It is possible that both the intrinsic and extrinsic pathways are activated in AAD. Our analysis revealed that the PT-INR was borderline significantly associated with a fever in the multivariate analyses, whereas the aPTT was not. This supports the view that in AAD, the extrinsic coagulation pathway is primarily responsible for causing a fever rather than the intrinsic pathway. Therefore, TF appears to be the most likely cause of a fever in AAD, although our data do not fully support this hypothesis. The relationship between extrinsic pathway activation and the lack of elevation of the serum PCT concentration is summarized in Fig. 4 .
Study limitations
There are several limitations associated with our study. First, the interpretation of a serum PCT concentration <0.5 ng/mL presents problems. In this study, PCT <0.5 ng/mL was defined as within the normal range and excluded severe infection. Nonetheless, a PCT concentration of 0.25-0.5 ng/ mL indicates a less likely possibility of bacterial infection (6), or a viral (22) or fungal infection (23) . Furthermore, although the quantitatively measured PCT concentrations were all <0.5 ng/mL, a quantitatively measured PCT concentration of between 0.25 ng/mL and 0.5 ng/mL was observed in three of nine patients in Group A and one of seven patients in Group B. Therefore, in some of our cases it is not possible to completely rule out viral or low-level systemic bacterial infection. However, it is impossible to completely rule out the possibility that viral infection participates in a fever, even if we measure the viral antibody titer. A fever is observed in approximately one-third of all patients with AAD, and it seems implausible that such a high proportion of patients would have acquired a viral infection so early in their hospital day. Second, we did not find a significant association between a fever in AAD and the PT-INR, although this association was borderline significant. Third, this study was performed retrospectively, and the PCT concentration was not measured in all patients with AAD. Finally, the exact mediators causing a fever were not identified, which will require further study.
In conclusion, the fever that may develop after AAD could be caused by endogenous mediators that influence the extrinsic coagulation pathway, without elevating the serum PCT concentration.
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